Preparation of Extracts from Sea Buckthorn Leaves and Twigs
Freeze-dried sea buckthorn (SBT) leaves and twigs (twigs air-dried at 40 ˚C) were milled in a laboratory mill (Retsch ZM200, Germany) and were stored in a freezer. The powdered leaves (284 g) were extracted with 5 L (3 portions) of 80% methanol (v/v), for 48 h, at room temperature; the extraction was assisted by ultrasonication (3 × 10 min). The milled twigs (680 g) were extracted with 14 L of 80% methanol (3 portions). After filtration, the extracts were concentrated by rotary evaporation (40 ˚C), and extracted with n-hexane. Organic solvents were removed in a rotary evaporator, the residue was subsequently resuspended in Milli-Q water (final volume ~1200 mL) and subjected to nbutanol extraction (200 mL portions). The obtained butanol extracts were rotary evaporated to remove the solvent; the residue was suspended in Milli-Q water (small portions of 20% tert-butanol solution were additionally used to dissolve the sediment from the evaporation flask) and freeze-dried. The used procedure yielded 12.42 g of the dry leaf extract and 24.64 g of the twig extract. A 12 g portion of the butanol extract of SBT leaves was suspended in 600 mL of 50% methanol, shaken, sonicated for 2 min, and centrifuged. The supernatant, containing mainly phenolic compounds, was dried in a rotary evaporator, dissolved in 20% tert-butanol, and freeze-dried, to yield 11.37 g of the phenolic-rich fraction. The pellet, which consisted mainly of less polar compounds, was dissolved in methanol and rotary evaporated. The sediment was dissolved in a mixture of tert-butanol and water, and freezedried (0.63 g). The same method of fractionation was applied for the twig extract (14 g was mixed with 700 mL of 50% methanol), yielding finally 13.07 g of the phenolic-rich fraction, and 0.83 g of the lowpolarity fraction of the twig butanol extract.
LC-MS
Samples were analyzed using a Thermo Ultimate 3000RS (Thermo Fischer Scientific, Waltham, MS, USA) chromatographic system, equipped with a charged aerosol detector (CAD), a diode array detector (DAD), and coupled with a Bruker Impact II (Bruker Daltonics GmbH, Germany) Vpp; transfer time 70 µs; prepulse storage time 7 µs. Collision energy was set automatically in the range from 9 to 85 eV, depending on the m/z value of a fragmented ion.
Components of the analyzed fractions were tentatively identified on the basis of their HRMS and UV spectra, with a help of available literature data. Four flavonoids were more precisely identified by comparison with retention times of standards. The relative content of individual groups of compounds was evaluated on the basis of CAD chromatograms and expressed as a percentage of the total peak area.
Preparation and Analysis of Fractions from Sea Buckthorn Fruits
The phenolic-rich (OF) and low-polarity (OL) fractions of the butanol extract from sea buckthorn fruits were prepared and analyzed as described by Olas et al. [1] . UHPLC-MS analyses of the preparations demonstrated that flavonol glycosides and acylated flavonol glycosides were dominant compounds of OF: their relative content was 39.5% and 27.6% of the total peak area for simple and acylated flavonoids, respectively. It contained also some unidentified polar (20.9%) and nonpolar compounds (2.4%), as well as triterpenoids (8%) and acylated triterpenoids (1.1%). The fraction OL contained mainly triterpenoids (44.8% of the total peak area), acylated triterpenoids (24.5%), and unidentified nonpolar compounds (29.7%), with a small addition of flavonoids and unidentified polar compounds (1% in total).
Results

Chemical Characterization of the Sea Buckthorn Fractions
Hydrolysable tannins, represented mainly by different types of ellagitannins, were dominant constituents of the phenolic-rich fraction of sea buckthorn leaves (LF). Hydrolysable tannins, together with small amounts of ellagic acid, constituted 31.3 % of the total peak area (Table S1, Figure S1 ).
Flavonoids were the second most abundant group of phenolic compounds, constituting 24.5 % of the total peak area. They were glycosides of isorhamnetin, quercetin, and kaempferol, both simple and acylated. Kaempferol hexosides acylated with p-coumaric acid and isorhamnetin diglycosides acylated with rarely occurring (putative) linalool-1-oic acid were dominant acylated flavonoids. The preparation contained also significant amounts of unidentified polar compounds and triterpenoid saponins (with aglycones having formulas C30H48O4, C30H46O4, as well as C30H48O3). The fraction contained also some triterpenoids and acylated triterpenoids, as well as unidentified nonpolar compounds (Table S3) . Unsurprisingly, the low-polarity fraction (LL) was composed mostly of hydrophobic compounds (Table S1, Table S4 , Figure S1 ), mainly triterpenoids and triterpenoid saponins, with smaller amounts of unidentified hydrophobic compounds and acylated triterpenoids.
The preparation contained also small portions of ellagitannins, flavonoids, and unidentified polar compounds.
B-type proanthocyanidins (37.5 % of the total peak area) and catechin (10.0 %) were major constituents of the phenolic-rich fraction of sea buckthorn twigs (GF). The fraction had a high content of unidentified polar substances; it contained also small amounts of flavonoids, ellagitannins, and ellagic acid, as well as triterpenoids, acylated triterpenoids, and unidentified nonpolar compounds (Table S2, Table S5 , Figure S2 ). In contrast, the low-polarity fraction of the twig extract (GL) consisted mainly of triterpenoids and acylated triterpenoids; it also had a significant share of unidentified nonpolar compounds (Table S2, Table S6 , Figure S2 ). The fraction contained also small amounts of proanthocyanidins, catechin, and unidentified polar compounds . 
Discussion
UHPLC-MS analyses of phenolic-rich fractions from sea buckthorn leaves, twigs, and fruit demonstrated very distinct differences in composition of these fractions. The LF fraction consisted mainly of ellagitannins, flavonol glycosides, both simple and acylated, and triterpenoid saponins.
Flavonoid and tannin profiles of LF are generally similar to those described in the scarce literature on phenolics of sea buckthorn leaves [2, 3, 4, 10] . Saponins were previously purified from sea buckthorn seeds [11, 12] . Although the presence of saponins in sea buckthorn leaves was previously detected using simple laboratory tests [13] , it seems that our publication provides the first more detailed description of these compounds.
Simple flavonol glycosides and acylated flavonol glycosides were dominant compounds of the phenolic-rich fraction from sea buckthorn fruit (OF), constituting 67.1 % of the total peak area [1].
However, while simple flavonoids of the fruit were more or less similar to those from LF, its acylated flavonoid profile was completely different. Kaempferol hexosides acylated with p-coumaric acid (e.g. In contrast, proanthocyanidins and catechin were dominant compounds of the GF fraction, flavonoids were present only in trace amounts, and saponins could be hardly detected. Similar flavan-3-ols and proanthocyanidins were earlier found in sea buckthorn branches and bark [6, 9] or sea buckthorn fruit [7] .
Although phenolic-rich fractions from sea buckthorn fruit, leaf, and twig extracts differed significantly, the composition of the low-polarity fractions was more uniform. They shared similar profiles of triterpenoids and acylated triterpenoids, which is the most visible in the case of GL and OL
[1]. Only LL was distinguished by the presence of numerous triterpenoid saponins. Acylated triterpenoids with the same molecular masses as those from LL, GL, and OL were previously isolated from the sea buckthorn bark [5] . Moreover, triterpenoids with molecular formulas of C30H48O4, found in LL, GL, and OL were also detected in sea buckthorn leaves and fruit [4, 14] .
